SUMMARY Blood pressure measurements were made on children in their fourth year at secondary schools in parts of Scunthorpe Health District supplied with drinking water of varying sodium content. Of the 3131 children, 2740 were examined (1394 boys and 1346 girls). Boys had slightly higher systolic pressures and slightly lower diastolic pressures than the girls. There was no difference between the blood pressure distributions of children in areas supplied with water containing 105 mg/l sodium, 50 mg/l sodium, or less than 15 mg/l sodium. Small differences were found in the weights of children in these areas, and slightly more of the children in the area supplied with water containing more than 105 mg/l sodium had relatives who had been treated for hypertension. Standardisation for these factors did not show any relation between water salinity and either systolic or diastolic blood pressure. Studies of the urinary sodium, potassium, and the ratios of these to creatinine on a sample of 769 boys showed no correlation with assessments of usual sodium intake, but urinary sodium correlated well with salt and fluid intake at the meal immediately preceding examination. The relation between median blood pressure and urinary sodium concentration and lack of a clear relation with sodium creatinine ratio supports the hypothesis that it may be the ratio of salt to fluid intake rather than total dietary sodium that is relevant to the regulation of blood pressure.
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Attempts by a working group of the World Health Organisation in 1977 to set soundly based international standards for the sodium content of public water supplies were impeded by the dearth of reliable information as to the effects on the health of populations of potable water with differing concentrations of this element.'
In many parts of the world boreholes yield waters containing substantial amounts of sodium, and the rise in salinity of some surface water sources as a result of increasing use of salt to clear snow and ice from roads has caused concern. This has stimulated several studies aimed at ascertaining whether or not consumption of such waters constitutes a hazard to health.
Studies by Calabrese and Tuthill in the United States23 and by Hofman et all in the Netherlands have reported appreciably higher blood pressures in children living in areas supplied with water containing around 110 mg Na/1 than in children in areas of low water salinity. Although both were based on small numbers of subjects, and the pressures found were within the normal physiological range, these findings suggest the possibility that exposure of large populations to such water might be expected to result in a substantial increase in the incidence of hypertensive disease. These results, however, were surprising in view of the small contribution to the total sodium intake that such water would make to individuals consuming a normal western European or American diet. They conflict with evidence from a study of mortality in populations supplied with similar water which experienced fewer deaths from hypertension and from "all causes" than expected at national rates. ' The identification in Scunthorpe Health District of a substantially larger population of children exposed to public water supplies with an even wider range of sodium concentrations than those included in those surveys provided an opportunity to test the hypothesis that consumption of water of this quality influenced the blood pressures of children.
At the time when the survey was planned parts of the district were supplied with water from limestone sources partially softened by the soda lime process to yield a product containing around 130 mg Na/l. A 186
Water sodium, urinary electrolytes, and blood pressure of adolescents larger area was supplied with water from boreholes in chalk and partially softened by base exchange to yield a water containing 80 mg Na/l. The rest of the district was supplied with unsoftened water from several boreholes and with sodium concentrations of between 5 mg/l and 15 mg/l. The total population of the district is 193 000, and over 3000 children between the age of 14 and 14 years 11 months attended local schools and were available for study. Although by the time the necessary grant had been obtained the first stage of the phased reduction in degree of water softening had slightly reduced the salinity of the water, conditions still favoured the study, which began in January 1981. Figure 1 shows areas supplied with high, medium, and low sodium water. There are no interconnections between the low sodium supplies to the west of the river Trent and the sodium rich waters to the east, but within the borough of Scunthorpe some connecting pipes allow a limited amount of cross flow in the predominantly commercial central part of the town between the moderately saline supplies south of the railway lines and the sodium rich water supplies to the north. The sodium concentrations cited for the "sodium rich" supplies relate to water samples from the principal reservoir which receives a small proportion of its water from the less saline chalk sources. A proportion of the population which is supplied via water towers from the limestone source will have received a slightly more saline supply. 188 them to visit and examine those children whose parents had consented.
Each child was weighed and measured. An initial blood pressure measurement was taken. A questionnaire was then completed giving details of their dietary preferences and of the foods and beverages that had been consumed in the previous 24 hours. A second blood pressure measurement was then taken. Boys attending for examination in the mornings were asked to provide a specimen of urine for laboratory examination. All data collected were coded on to transfer sheets, from which they were entered into an ICL 1900 computer for analysis using the SPSS package.
Results
Headmasters of all but one of the 17 schools agreed to participate. Consent forms were sent to the parents of the 3131 fourth year pupils registered at the 16 schools: 173 forms were not returned and 14 parents returned forms refusing consent.
Of the 2944 to be tested, 144 children were absent from school on the days of the test and 49 had to be omitted when illness of a nurse necessitated cancellation of a visit at the end of the project. A further 11 children were omitted because the child refused to be examined or unsuccessful attempts at examination. Altogether 2740 children were examined. Thirteen whose blood pressures exceeded 160/90 were referred to their general practitioners for investigation and treatment. A further six were referred on account of other abnormal findings such as glycosuria or protein or blood in urine. Only 94 children (3.4%) lived in homes supplied with water of different sodium content from that at their school. Table 1 compares the results of the two blood pressure measurements. As expected, the initial blood pressure readings were generally slightly higher than the second readings. The mean weights of pupils varied between the schools in high, medium, and low salinity areas. The mean weight of children at the schools in the high sodium areas was 54-8 kg, in the schools with 50 mg/l it was 55.5 kg, and in the low Na schools 56-6 kg. This is almost certainly because the schools in the high and medium sodium areas had to be examined early in the programme before a scheduled modification in treatment reduced the salinity of their water. Since adolescence is a time of rapid growth this slight delay in testing the low sodium zone J S Robertson schools is reflected in a slightly greater mean body weight. Table 3 shows the relation betwen body weight and blood pressure.
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EFFECT OF FAMILY HISTORY
Blood pressures of children with no family history were compared with those of children whose mothers had been treated for hypertension, with those who had another close relative affected, and with children who had two or three or more relatives who had been treated for hypertension. Table 4 shows mean blood pressures of children with differing family histories of hypertension.
From these it is apparent that although the mean systolic and mean diastolic pressures of children with no family history were slightly lower than those with Water sodium, urinary electrolytes, and blood pressure of adolescents family histories, strength of the family history had no effect.
When the frequencies with which a family history was reported in respect of children attending the schools in areas of high, medium, and low water salinity were compared, an excess of such histories was found in the high sodium area (table 5) .
To eliminate any bias due to differences in weight and family history the blood pressures were standardised for these. Marks were awarded in respect of those snacks that contain salt on the basis of frequency of consumption: rarely = 0; occasionally = 1; and often = 2 (0 to 14). The totals of these were taken as a measure of salt from these sources. "Sugar" scores were assessed in a similar manner.
The mean salt scores of children from the high, medium, and low salinity zones did not differ (table 6). Salt intake from main meals was assessed in a similar manner. Children were asked whether they added salt at table to a range of foods. Marks were awarded in a similar manner as above: rarely = 0, occasionally = 5, and often = 10 (0 to 20). On this basis too the differences in mean scores in children from the three zones showed no relationship to the salinity of the water (table 7) .
RESULTS OF URINE ANALYSES
Urine samples were collected from the 769 boys who were examined in the mornings. No correlation was found between either urinary sodium concentration or sodium/creatinine ratio and the snack or main meal salt scores. As might be expected, however, significant relations were found between urinary sodium concentrations and the breakfast salt/fluid ratio, and between the sodium/creatinine ratio and the breakfast salt score. This reflects the action of the body's homeostatic mechanisms and confirms the view that the salt and water regulating mechanisms respond quickly to variations in intake. It also indicates that individuals vary their fluid and salt consumption widely from meal to meal and from day to day, and that there is not sufficient consistency in their intake to validate salt preference scores as indices of total salt consumption. Although the variation in both systolic and diastolic blood pressure within each group was great and the differences between groups with different urine quality did not reach statistical significance, the median diastolic and systolic pressures were found to be directly proportional to urinary sodium concentrations (figs 4a and b . Tnus the 10 mMols contributed by an average day's intake of water from the sodium rich supplies of the areas studied would represent only a small contribution. The hypothesis that subjects drinking saline water might add more salt to their food was not supported by the results of this inquiry.
Conclusions
The results of this survey indicate that consumption of water containing up to 5 mMol salt/l does not cause any rise in blood pressures of adolescents. It is suggested that total sodium intake is of less relevance to health than the ratio of salts to fluids ingested.
